The chemical composition of the essential oils of two endemic plants of Turkey, Stachys rupestris Montbret et Aucher ex Benth. and Salvia heldreichiana Boiss. ex Benth., were obtained by hydrodistillation and studied by GC and GC-MS. In all, 46 compounds were identified, 22 for S. rupestris accounting for 94.6 % of the total oil and 30 for S. heldreichiana, accounting for 91.9 % of the total oil. The presence of diterpenoids (50.7%) characterized the oil from S. rupestris, while S. heldreichiana oil was rich in oxygenated sesquiterpenes (78.9%).The essential oils were evaluated for their in vitro potential cytotoxic activity on three human cancer cell lines. The oil of S. rupestris showed the higher antiproliferative activity against PC-3 and MCF-7 cancer cell lines.
Essential oils, isolated from various aromatic plants, are used as fragrances as well as in food, beverages, agriculture and as natural remedies [1] . They are known for their antiseptic, bactericidal, fungicidal, and medicinal properties and they are also used as analgesic, sedative, anti-inflammatory, and spasmolytic remedies [2] . Some essential oils have been shown to possess anticancer and antioxidant activity [3] [4] [5] . In particular, the essential oils derived from plants belonging to the Lamiaceae family have shown strong cytotoxic effects on some cancer cell lines [3, [6] [7] [8] [9] .
The genus Stachys contains more than 270 species distributed throughout the world [10] . Stachys species have been used in folk medicine as anti-inflammatory [11, 12] , anticancer and antitussive drugs and to treat ulcers [13] [14] [15] [16] . Moreover, some species are reported in ethnomedicine as anti-fever, antidiarroheal, and for treatment of weaknesses of the heart and liver, and have shown a variety of activities (anti-allergic, anti-anoxic, antibacterial, anxiolytic, anti-inflammatory, antinephritic, antioxidant, antihepatitis and choleretic), confirming a wide variety of ethnomedicinal tradition [17] . In literature, the cytotoxic activity of different Stachys species and their essential oils against several cancer cell lines has been reported [18] [19] [20] .
Stachys rupestris Montbret et Aucher ex Benth. is an endemic species which lives on ruins and stones locating in the highlands in Mersin city of Turkey. Only one report is available about the composition of the essential oil of S. rupestris [21] .
The genus Salvia comprises more than 1000 species, distributed in various region of the world. In Turkey, this genus is represented by 90 species, half of which are endemic. Salvia species are used in folk medicine all around the world [22] , but only few species have shown very potent activity against tumor cell lines [23] .
Salvia heldreichiana Boiss. ex Benth. is endemic to the eastern Mediterranean; it is a branched shrub, erect and leafy with short hairs. The composition of the essential oil of this species has been reported previously [24, 25] . In this paper, we report the composition of the essential oils from S. rupestris and S. heldreichiana and their possible in vitro cytotoxicity on human breast (MCF-7), prostate (PC-3) and melanoma (A375) cancer cell lines.
Hydrodistillation of the aerial parts of S. rupestris and S. heldreichiana furnished pale yellow oils in 0.1% and 0.3% yield on a dry mass basis, respectively. Table 1 shows the chemical composition of the two essential oils; compounds are listed according to their elution order on a HP-5MS column. In all, 48 compounds were identified, 22 for S. rupestris, accounting for 94.6% of the total oil; and 32 for S. heldreichiana, accounting for 91.9% of the total oil.
In the oil from S. rupestris, diterpenes amounted to 50.7% of the total: main compounds were manool (29.6%) and abietatriene (14.3%). Oxygenated sesquiterpenes formed 33.5%, with shyobunol (13.4%) and spathulenol (6.9%) being the most abundant. Cellat and coworkers [21] reported that α-pinene (22.7%), vitamin A alcohol (22.4%), eucalyptol (4.4%) and terpinen-4-ol (4.7%) were the main components of the essential oil of this species. Our results disagree in part with these data, but confirmed the presence of diterpenoids in the aerial parts of the genus Stachys [26] .
The sesquiterpene fraction of the oil from S. heldreichiana amounted to 89.2% of the total (10.3% of sesquiterpene hydrocarbons and 78.9% of oxygenated sesquiterpenes). Spathulenol (15.9%) and caryophyllene oxide (14.6%) were the most abundant oxygenated sesquiterpenes. Basalma and coworkers [24] reported α-pinene (13.3%) as the most abundant compound of the oil, whereas Akin and co-workers [25] reported that the main NPC Natural Product Communications Treatment of A375, PC-3 and MCF-7 cancer cells with 100 µg/mL of S. heldreichiana and S. rupestris oils for 48 hours resulted in a strong cytotoxic activity with 90-95% cell death (Figure 1 ). In the literature, Kamatou and coworkers reported the activities of some South African Salvia species against three human cancer cell lines {MCF-7, colon adenocarcinoma (HT-29) and glioblastoma (SF-268)} [27] . Cell line specificity was observed for Salvia dolomitica Codd. and S. garipensis E. Mey. The essential oils displayed some degree of toxicity with IC 50 values ranging from 1.79 to 22.9 µg/mL [27] . It has also been reported that the essential oils from aerial parts of S. bracteata Banks et Sol. and S. rubifolia Boiss induced a tumor cell growth inhibitory effect on M14 human melanoma cells by induction of apoptotic cell death [28] . Sertel and coworkers [29] reported the cytotoxicity of the essential oil of S. officinalis L. on the squamous human cell carcinoma of the oral cavity (UMSCC1). The oil reduced the viability of UMSSC1 oral cancer cells, with an IC 50 of 135 μg/mL.
The essential oil of Stachys germanica L. was reported to have the most antiproliferative effect against the C32 cell line (amelanotic melanoma) with a 77% inhibition at a concentration of 100 µg/mL, while the essential oils of S. germanica, S. palustris L. and S. spinosa L. showed the most antiproliferative activity on the ACHN cell line (renal cell adenocarcinoma), at a concentration of 100 µg/mL, with 81%, 77% and 73% inhibition, respectively [30] . Khanavi and coworkers reported that the growth and proliferation of HT-29 and T47D cells were most affected by chloroform and ethyl acetate fractions of Stachys laxa Boiss. and Buhse and S. turcomanica Trautv., due to their nonpolar compounds, in particular germacrene D [12] .
The different cytotoxic activity of the oils could be attributed to their different chemical composition: in S. rupestris oil, there is a major amount of diterpenes (50.7%) and oxygenated sesquiterpenes (33.5%). These compounds were previously reported to exhibit cytotoxic activity against different cell lines [30] . 3α,19-Dihydroxyent-kaur-16-ene (diterpenoid with ent-kaurane skeleton) was shown to be cytotoxic against human prostate (22Rv1, LNCaP), colon (HT29, HCT116, SW480, SW620), and breast (MCF-7) tumor cells at concentrations ranging from 6 to 50 μg/mL [26] . 
GC-FID analysis:
The GC-FID analysis was carried out on a Perkin-Elmer Sigma-115 gas chromatograph equipped with a flame ionization detector (FID) and a data handling processor. The separation was achieved using an apolar HP-5 MS fused-silica capillary column (30 m × 0.25 mm i.d., 0.25 μm film thickness). Column temperature: 40°C, with 5 min initial hold, and then to 270°C at 2°C/min, and then to 270°C (20 min); injection mode splitless (1 μL of a 1:1,000 n-pentane solution). Injector and detector temperatures were 250°C and 290°C, respectively. Analysis was also run by using a fused silica HP Innowax polyethylenglycol capillary column (50 m × 0.20 mm i.d., 0.25 μm film thickness). In both cases, helium was used as carrier gas (1.0 mL/min).
GC/MS analysis:
The GC/MS analysis was performed on an Agilent 6,850 Ser. II apparatus, fitted with a fused silica DB-5 capillary column (30 m × 0.25 mm i.d., 0.33 μm film thickness), coupled to an Agilent Mass Selective Detector MSD 5973; ionization energy voltage 70 eV; electron multiplier voltage energy 2,000 V. Mass spectra were scanned in the range 40-500 amu, scan time 5 scans/s. Gas chromatographic conditions were as reported in the previous paragraph; transfer line temperature, 295°C.
Identification of essential oil components:
Most constituents were identified by gas chromatography by comparison of their Kovats retention indices (Ri) with either those of the literature or with those of authentic compounds available in our laboratories. The Kovats retention indices were determined in relation to a homologous series of n-alkanes (C 10 -C 35 ), under the same operating conditions. Further identification was made by comparison of the mass spectra on both columns with either those stored in NIST 02 and Wiley 275 libraries or with those from the literature and a home made library. Components relative concentrations were obtained by peak area normalization. No response factors were calculated [33] [34] [35] .
Cell cultures:
Human breast (MCF-7), prostate (PC-3), and melanoma (A375) cancer cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 2 mM Lglutamine, 10% heat-inactivated fetal bovine serum (FBS), 1% penicillin/streptomycin (all from Cambrex Bioscience, Verviers, Belgium) at 37°C in an atmosphere of 95% O 2 and 5% CO 2 . The cells were used up to a maximum of 10 passages.
MTT bioassay:
Human cancer cells (3 × 10 3 ) were plated in 96-well culture plates in 90 μL of culture medium and incubated at 37°C in humidified 5% CO 2 . The day after, a 10 μL aliquot of serial dilutions of the essential oils of S. rupestris and S. heldreichiana (1 -100 μg/mL) was added to the cells and incubated for 48 h. DMSO alone was used as control. Doxorubicin (Sigma) was used as positive control (0.5-5 μg/mL, 48 h) for all the cell lines analyzed. Cell viability was assessed through MTT {3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide} assay [36] . Briefly, 25 μL of MTT (5 mg/mL) was added and the cells incubated for an additional 3 h. Thereafter, cells were lysed and the dark blue crystals solubilized with 100 μL of a solution containing 50%, v/v, N,N-dimethylformamide, 20%, w/v, SDS with an adjusted pH of 4.5. The optical density (OD) of each well was measured with a microplate spectrophotometer (Titertek Multiskan MCC/340) equipped with a 620 nm filter. Cell viability in response to treatment was calculated as a percentage of control cells treated with DMSO at the final concentration 0.1% viable cells = (100 x OD treated cells) / OD control cells.
Statistical analysis:
All experiments were carried out in triplicate. The results are expressed as the mean ± SEM of 3 experiments.
